The middle ear mucosa of guinea pigs was embedded in Lowicryl K4M. Thin sections of the mucosa were stained with a wheat germ agglutinin (WGA)-gold complex and examined by electron microscopy.
The middle ear mucosa of guinea pigs was embedded in Lowicryl K4M. Thin sections of the mucosa were stained with a wheat germ agglutinin (WGA)-gold complex and examined by electron microscopy.
Intense labeling was observed primarily over the microvillar membranes and the glycocalyx made of a fine filamentous network surrounding the microvilli. However, the labeling was dispersed over the membranes of the cilia and the apical plasma membrane of the epithelial cells.
These results indicate that WGA-binding sites are closely associated with the outer structure of the microvilli and their glycocalyceal filaments on the cell surface in the middle ear epithelium.
The first ultrastructural observation on cell surface coats was made by Yamada (37) , who detected delicate filaments radiating from the microvilli of the gall bladder epithelium fixed with Palade's buffered 0504 and embedded in methacrylate resin. The term "glycocalyx", implying "sweet husk", was proposed by Bennet (5) to express the concept of a universal polysaccharide-rich layer on various cell surfaces. Furthermore, fuzzy and branching filaments attached to the microvillar membrane have been well documented (6, 18, 26) , and termed "glycocalyceal fibers" (1) . The detailed chemical composition of such glycocalyceal filaments, however, has not been determined. Recent progress in lectin cytochemistry using lectin-labelled gold complexes in conjunction with tissue processing by a low temperature embedding technique with Lowicryl K4M has improved the capability to localize specific glycoconjugates in various cells and tissues including secretion products and extracellular materials (21, 33, 34, 36) . This study was performed to examine the ultrastructural details and the chemical nature of the glycocalyx in the Lowicryl K4M embedded middle ear mucosa by post-embedding labeling with wheat germ agglutinin (WGA)-colloidal gold complex.
MATERIALS AND METHODS
Tissue processing ; Middle ear mucosa was dissected out under a stereomicro-315 scope from the tympanic bulla of the matured albino guinea pigs. These specimens were fixed with 0.1 M phosphate buffered glutaraldehyde (1 %, Polysciences), pH 7.4, for 2 hr at 4°C. For Lowicryl K4M embedding, the specimens were washed with the buffer at 4°C for 24 hr, and then dehydrated in a graded ethanol series at progressively lower temperatures, down to -35°C.
After infiltration with Lowicryl K4M at -35°C for 24 hr, UV polymerization was done at -35°C for 24 hr according to the procedure of Carlemalm et al. (8) . For comparison with conventional embedding methods, the tissues were embedded in Epon 812 after dehydration in ethanol. Ultrathin sections were obtained and mounted on 5 % colloidin coated 200 mesh nickel grids, and dried in air.
Preparation of WGA-gold : WGA was obtained from E Y. Laboratories, Inc. (USA). Colloidal gold (mean particle diameter 15 nm) was prepared according to the method of Frens (11) . Then WGA was conjugated to the gold particles according to the method of Geoghehan and Ackerman (13) and Roth (33) as described in detail elsehwere (29) . Briefly, the optimal amount of WGA, previously by the salt flocculation test, were mixed with 10 ml of colloidal gold solution for 5 min. One ml of 1 % (W/V) polyethylene glycol (PEG, molecular weight, 20,000) in 0.01 M phosphate buffered saline (PBS) was added, and the mixture was centrifuged twice at 16,000 X g for 1 hr and resuspended in 0.5 ml of PBS containing 0.02% of PEG.
Cytochemical labeling: All procedures were performed at room temperature. The grids with attached ultrathin sections were floated on a drop of PBS for 5 min, transferred to a drop of WGA-gold complex solution (12.5-6.25 ,ctg of WGA/ml), and incubated for 30 min. After incubation, the grids were washed twice in distilled water (5 min), and dried. They were stained with a saturated aqueous solution of uranyl acetate and with lead citrate, and examined under a Hitachi H-500 electron microscope.
Cytochemical controls : The WGA-gold complex was incubated for 30 min with 0.1 M N-acetyl-D-glucosamine (GIcNAc, Sigma), a specific binding sugar for WGA, prior to its application to the sections.
RESULTS
Although several intracellular structures including Golgi apparatus and secretory granules reacted with WGA, only the findings of epithelial surfaces will be reported here. In Lowicryl K4M-embedded materials, a number of delicate filaments were found to radiate from the microvilli, which formed a compact network surrounding the microvilli. Such glycocalyceal filaments were most prominent at the microvillar tips and extended out for a maximum distance of nearly 1.5 tm FIG. 3 . The apical surface of a ciliated cell. Gold particle labeling is distributed over microvilli, and preferentially found in clusters at levels of the microvillar tips (arrowheads). However, none of filamentous structures are found to be associated with the labeling. Epon section incubated with WGA complex (25 µg/ml). The apical surface of a ciliated cell. The well-developed glycocalyx made of delicate filaments surrounding microvilli is heavily labeled with gold particles, while the plasma membrane of microvilli and cila is labeled lightly. Lowicryl K4M section incubated with WGA-gold complexes (6.25 µg/ml). x 24,300 Fla. 2. High magnification of glycocalyceal filaments. Gold particle labeling is observed along the filaments protruding from the tips and sides of microvilli. Lowicryl K4M section incubated with WGA-gold complexes (6.25µg/ml). X62,100
from their surfaces and diminished in length and number towards the base of the microvilli. Gold particles were often observed on these filaments as well as microvillar membranes (Figs. 1, 2) . Less but distinct labeling was observed on the ciliar membrane and apical plasma membrane of both the ciliated and secretory cells. When thin sections of Epon-embedded tissue were examined, gold particles were also found around the microvillar tips. However, the glycocalyceal filaments could not be identified, therefore gold particles observed between microvilli were difficult to be differentiated from nonspecific background labeling (Fig. 3) . Cytochemical controls : Virtually no gold particles were observed as shown in Fig. 4 .
DISCUSSION
Previous studies, by the ultrastructural histochemistry using cationic substances such as ruthenium red, cationic ferritin, and colloidal iron, revealed the glycocalyx to be composed of a highly negative charged component (9, 12, 18, 25, 26) . However, the staining by these cationic reagents cannot identify the molecules responsible for the staining ; such reagents may bind to a number of anionic molecules composing the glycocalyx such as glycoproteins, peptides, phospholipids, and glycosaminoglycans (2, 4, 10, 20, 32, 34, 35) .
In contrast, lectin cytochemistry allows us to detect molecules more specifically. For instance, WGA, a lectin used in the present study, is known to bind specifically to N-acetylneuraminic acid, N-acetyl-D-galactosamine in addition to N-acetyl-Dglucosamine and its 9 (1-±4)-linked oligosaccharides (3, 30) . These residues are included in glycoconjugates; glycoproteins (15, 24) , glycolipids (23) , and a limited kind of glycosaminoglycans (17, 22, 27) .
WGA labeled with markers has been used to stain the glycocalyx of various epithelial cell types with microvilli for examination by electron microscopy (7, 16, 19, 28, 31) ; differences in stainability of the glycocalyx have been shown to occur between cell types (7), and at different stages of living cells during cell maturation (16) . In the present study, the combined use of the lectin-gold technique and embedding in Lowicryl K4M resin clearly indicated that WGA-binding sites are closely associated with the microvillar regions and their glycocalyceal filaments protruding from the plasma membranes, which could not be identified in Eponembedded tissues.
In the ciliated epithelia, cilia and the mucous blanket on it have been attracted much attention, since these regions are thought to be essential for the functional activity of the epithelia. The present finding that the microvillar region is enriched with WGA-reactive glycoconjugates, however, suggested that this region may also have an important function for the epithelia. They may possibly serve functions against bacterial and other infectious agents as previously suggested (4, 14) . To test such possibility, we are now investigating the alternations of WGA-binding sites in the microvillar region of epithelia infected with bacteria.
